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CRYSTALLISATION OF PROTEINS 

FIELD OF THE INVENTION 

5 The present invention relates to a method of providing filterable crystals of zinc complexes of 
a protein which has a lysine residue which carries a GpophUic substituent on the e-amino 
group. In particular, the present invention relates to a method of providing crystals of zinc 
complexes of proinsullns, insulins and insulin analogues which have a lysine residue which 
carries a lipophilic substituent on the e-amino group. Optionally, the crystals also contain a 
10 phenol. 



BACKGROUND OF THE INVENTION 

15 The isolation of pharmaceutical proteins in the crystalline state is important because crystals 
can be dried easily and subsequently stored at low temperature under conditions where the 
stability of the bulk protein is optimal. Insulins and InsuBn analogues in which the e-amino 
group of a lysine residue contained therein has a lipophilic substituent e.g. in the form of an 
acyl group have a protracted profile of action and show promise for use in long-acting basal 

20 therapy in the treatment of IDDM (insulin-demanding diabetes rnellrtus) and NIDDM (non- 
Insulln-demandlng diabetes mellitus). The preparation of such acylated insulins and Insulin 
analogues is described La. In Japanese patent application 1-254,699 (Kodama), in WO 
95/07931 (Novo Norilsk), in EP 0 712 862 A2 (ED Lilly) and in WO 96/29344 (Novo Noidfek). 
Unfortunately, such acylated insulins and insulin analogues have been found to be less 

25 prone to crystallize than the unmodified parent compounds. 

Proinsulins, insulins and Insulin analogues are rather labile proteins and their stability de- 
pends La. on the purity of the particular preparation. Optimal stability can be expected when 
a pure preparation is kept in solid form, in particular in the form of crystals. Unfortunately, 
30 precipitation of these compounds from solutions usually leads to amorphous precipitates 
which are difficult or impossible to Isolate by filtration. In stead they can be isolated by cerv 
trifiigatJon. However, when they are isolated by centrifogation it is difficult to free the particles 
efficiently from the mother liquor. Even when amorphous particles can be isolated by filtra- 



Printed from Mimosa 01/19/1996 12; 18: 47 page -3- 



W09S04953 PCT/DK98AW042 

2 

tion, the amorphous material will usually be less pure than corresponding crystals because 
more impurities are embedded in amorphous material than in crystals. 

The preparation of crystals of N vB30 -(nTyristoyf)des(B3O) human insulin is described in Euro- 
5 pean patent application No. 94926816.3, Example 33. These zinofree crystals were pre- 
cipitated at pH 9 from 20% aqueous ethanoi containing 0.625 M sodium chloride. A method 
for recovering acyiatsd proteins, especially certain fatty add-acytated insulins, by precipita- 
tion and filtration as a freely-flowing powder is described in EP 0 747 391 A2 (EH Lilly). Ac- 
cording to this method a filterable precipitate of a protein is obtained by adjusting the pH of 
10 an aqueous solution containing the protein and adding a suitable amount of alcohol. No for- 
mation of crystals is mentioned. 

For use in therapy, proteins must be prepared in highly purified form and the storage condi- 
tions must ensure that degradation during the storage is minimized. An acylated insulin or an 
15 acylated Insulin analogue in highly purified form is administered in the form of a solution of a 
zinc complex thereof in a composition which further comprises a phenolic compound. Ac- 
cordingly, It would be convenient in the production to store the bulk acylated insulin or acy- 
lated insulin analogue in the form of filterable crystals containing both insulin or insulin ana- 
logue, zinc and a phenolic compound. 

20 

It is thus an object of the present invention to provide a method by which zinc complexes of 
an acylated insulin or an acylated insulin analogue, optionally also containing a phenolic 
compound, can be obtained in filterable, crystalline form. 

25 According to the invention this object has been accomplished by precipitating the acylated 
insulin or acylated insulin analogue from an aqueous buffer. 

SUMMARY OF THE INVEhFTION 

30 

Thus, in its broadest aspect, the present invention relates to a method of providing zinc 
containing crystals of a protein derivative which has a lysine residue which carries a lipophilic 
substituent on the e-amino group, said method comprising 
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a) providing a solution of the protein derivative in an alkaline buffer which further 
contains a zinc salt 

b) adjusting the pH value of the solution to a value between 7 and 1 0 and 

c) Isolating the crystals formed. 

5 

In a preferred embodiment, the protein derivative which has a lysine residue which carries a 
lipophilic substltuent on the e-amino group is a proinsulin, an insulin or an insulin analogue in 
which the e-amino group of a lysine residue carries an acyi group. 

10 In another preferred embodiment the protein derivative is an Insulin derivative selected from 
the group comprising N* fi28 -(myristoyl)des(B30) human insulin, N lB29 -(myri5toyl) human Insu- 
lin, N" Ba -{palmitoyl) human insulin, N rf2ft -(myristoyI)Lys B2S Pro B28 human insulin, N** 29 - 
(palmitoyl)Lys B2i Pro K9 human insulin, N^-fmyristoylJThr^ys 830 human insulin, N* 830 - 
(palmitoylJThr^Lys 830 human insulin, N^-{N-palmitoy^rglutamyl)des(B30) human insulin, 

15 N"^-(N-limocholyi-7-gfutamyl)des(B30) human insulin and l^-(oo-cart>oxyhepta- 
decanoyt)des(B30) human insulin. 

In another preferred embodiment, a phenol Is added to the solution before the final adjust- 
ment of the pH value. 

20 

In another preferred embodiment, an amount of phenol added which is from about 1.5% 
(w/w) to about 10% (w/w), preferably from about 1.5% (w/w) to about 3% (w/w) of the 
amount of protein present in the solution. 

25 In another preferred embodiment, a phenol selected from the group comprising hydroxyben- 
zene, m-cresol, methyiparabene and ethylparabene is added. 

In another preferred embodiment, the lipophilic group on the e-amino group of the lysine 
residue is an acyl group having from 4 to 40, more preferred from 10 to 40 carbon atoms. 

30 

In another preferred embodiment, the lipophilic group on the e-amino group of the lysine 
residue is a straight chain acyl group. 
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In another preferred embodiment, the buffer is composed of ammonia or an amine and an 
acid. 

In another preferred embodiment, the buffer is composed of ammonia and phosphoric add. 

In another preferred embodiment, the buffer is composed of ammonia and a carboxyiic acid. 

In another preferred embodiment, the buffer is composed of an amine and phosphoric add. 

In another preferred embodiment, the buffer is composed of an amine and a carboxyiic add. 

In another preferred embodiment, when the buffer is composed of an amine and an acid, the 
amine is selected from the group comprising tris(hydroxymethyl)aminomethane, 2-amino-2- 
methyl-1 ,3-propanedid, 2-hydraxyethytamine and tris(2-hydroxyethyl)amine. 

in another preferred embodiment, the buffer is composed of an ampholytic compound, pref- 
erably aspartfc add or N-tris(hydraxymethyi)methy»giydne i and optionally an acid. 

In another preferred embodiment, when the buffer is composed of ammonia and a carboxyiic 
acid or an amine and a carboxyiic add, the carboxyiic add is selected from the group com- 
prising acetic add, citric add, lactic add, malic add, malonic add, sucdnic add, tartaric add, 
tartronic add and tricarbaltyHc add. 

In another preferred embodiment, the concentration of the ammonia or amine in the buffer is 
between 0.1 M and 1 M, preferably between 0.2 M and 0.6 M. 

In another preferred embodiment, the concentration of the phosphoric add or the carboxyiic 
acid in the buffer is between 0.05 M and 0.5 M, preferably between 0.05 M and 0.2 M. 

In another preferred embodiment, the zinc salt added to the solution is zinc chloride or a zinc 
salt of a carboxyiic acid, preferably a zinc salt of one the following adds: acetic add, citric 
acid, lactic acid, malic acid, malonic add, sucdnic acid, tartaric add, tartronic add and tri- 
carballylic acid. 



Printed from Mimosa 01/19/1996 12:18:47 page -6- 



WO 9834953 



PCT7DK98/O0O42 



5 

In another preferred embodiment, the zinc salt Is added In a molar amount which is between 
33% and 1 50% of the molar amount of the peptide monomer. 

In another preferred embodiment, wherein the protein derivative which has a lysine residue 
5 which carries a lipophilic substituent on the e-amlno group is a proinsulin, an insulin or an 
insulin analogue in which the e-amino group of a lysine residue carries an acyl group, the pH 
value of the solution in which the precipitation of crystals is performed is adjusted to a value 
in the range from about 8.0 to about 8.5. 

10 

DETAILED DESCRIPTION OF THE INVENTION 

Definitions 

As used in the present text the designation "insulin" is used to designate any naturally occur* 
15 ring insulin. The designation "insufln analogue" Is used to designate a peptide with insulin 
activity, formally derived from a naturally occurring insulin by exchange of one or more 
amino add residues and/or deletion of one or more amino acid residues and/or addition of 
one or more amino acid residues. An "acylated insulin" (or insulin analogue) is an insulin (or 
insulin analogue) which has an acyl group in the s-amino group of a lysine residue contained 
20 in said insulin (or insulin analogue). 

Eceferred embodiments 

The precipitation of the oystals according to the present method is carried out in water 
which optionally contains a co-solvent When a co-solvent is used, this is preferably a water- 
25 misctble solvent e.g. an alcohol. 

The operations preceding the precipitation of the crystals are preferably earned out at a tem- 
perature around ambient After standing from about 2 hours to about 40 hours at about am* 
bient, the reaction mixture is cooled to a temperature near 0° C until no further precipitation 
30 of crystals occurs and the crystals are collected on a filter. If desired, the crystals can be 
washed with an ice-cold buffer solution corresponding to the solution from which the pre- 
cipitation took place and with ice-cold ethanol. 
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The components of the buffer solution should preferably be less prone to form zinc com- 
plexes than insulin. 

The present Invention Is further Illustrated by the following examples which, however, are not 
5 to be construed as limiting the scope of protection as described in the appended claims. The 
features disclosed in the foregoing description and in the following examples may, in any 
combination thereof, be material for realizing the invention in diverse forms thereof. 

10 EXAMPLES 
Example 1 

Preparation of crystals of N^-fmyristoyOdesfEftO) human insulin containing zinc and phe- 
nol. 

15 — 
Three stock solutions a), b) and c) were used during the preparation of crystals of N* 2 *- 
(myristoyt)des(B30) human insulin. These solutions were prepared as follows: 

Stock solution al 

20 12.11 g of tr»(hydroxymethyi)aminomethane was dissolved In 60 ml of water and the pH 
value of the solution was adjusted to 8.30 by means of approximately 7 ml of 5 N hydrochlo- 
ric acid. Water was then added to a final volume of 100 ml. 

Stock solution b) 

25 14.71 g of trisodlum citrate dlhydrate and 0.1 1 g of zinc acetate dihydrate were dissolved in 
water and 6.25 ml of a 3% (w/v) solution of phenol in water was added and the final volume 
of the solution adjusted to 100 ml. 

Stock solution c) 

30 1.471 g of trisodlum citrate dihydrate and Z422 g of tris(hydioxymethyi)aminomethane were 
dissolved in water and the volume of the solution adjusted to 40 ml. The pH value was ad- 
justed to 8.1 using 5 N hydrochloric add and finally the volume was adjusted to 50 ml with 
water. 
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Crystallization of N^mN/risf Q N/1)d^B301 human Iniuilln 

1.00 g of amorphous N^-(myristoyl)des(B30) human insulin powder, obtained as described 
in WO 95/07931 , was dispersed in a mixture of 38 ml of water and 2 ml of absolute ethanol 
and 40 ml of stock solution a) was added with stirring. When the insulin had dissolved 20 ml 
5 of stock solution b) was added and the pH value of the mixture was adjusted to be in the 
range 8.1-8.2 by addition of approximately 1 ml of 5 N hydrochloric acid. The mixture was 
left at ambient temperature with slow stirring overnight and then cooled to 4° C. The crystals 
formed were collected on a 50 mm filter and quickly washed with Ice-cold stock solution c). 
After draining, the crystals were washed with 20 ml of ice-cold absolute ethanol and the 
10 drained crystals were dried in vacuo. 

Example 2 

Preparation of crystals of N^-<myristoyl)de8(B30) human insulin containing zinc and phe- 
nol. 

15 The crystallization procedure according to Example 1 was repeated with use of 2-amlno-2 
methyM,3-propanedlol in place of tris(hydroxyn^thyl)aminomethane. 

Example 3 

Preparation of crystals of N*»-{myristoyl)des(B30) human Insulin containing zinc and phe- 
20 nol. 

The crystallization procedure according to Example 1 was repeated with use of 2- 
hydroxyethylamine in place of tris(hydroxymethyl)aminomethane. 

Example 4 

25 Preparation of crystals of N**-(myristoyl)des(B30) human insulin containing zinc and phe- 
nol. 

The crystallization procedure according to Example 1 was repeated with use of 2-amino-2 
methyl-1 ,3-propanedioi in place of tris(hydroxymethyl)amlnom 

30 Example 5 

Preparation of crystals of N* a -{myristoyi)des(B30) human insulin containing zinc and phe- 
nol. 

The crystallization procedure according to Example 1 was repeated with use of ammonia in 
place of tris(hydroxymethyl)aminomethane. 

35 



Printed from Mimosa 01/19/1996 12:18:47 page -9- 



WO 98/54953 PCT7DK98/00042 

8 

Example 6 

Preparation of crystals of N^-(myristoyl)des(B30) human insulin containing zinc and phe- 
nol. 

The crystallization procedure according to Example 1 was repeated with use of tris(2- 
5 hydroxyethyi)amine In place of ths(hydroxymethyl)amlnomethane. 

Example 7 

Preparation of crystals of N^-tmyristoyOdesfBSO) human Insulin containing zinc and phe- 
nol. 

10 The crystallization procedure according to Example 1 was repeated with use of N- 
tris(hydroxymethyi)methyl-glycine in place of tris(hydroxymethyi)amlnomethane. 

Example 8 

Preparation of crystals of N^-(myristoyl)des(B30) human Insulin containing zinc and phe- 
15 nol. 

The crystallization procedure according to Example 1 was repeated with use of L-aspartic 
acid in place of tris(hydroxymethyl)aminomethane. 

Examples 

20 Preparation of crystals of N**-(myristoyl)des(B30) human insulin containing zinc and phe- 
nol. 

The crystallization procedure according to Example 1 was repeated with use of L-aspartic 
acid in place of both tr»(hydroxymethyl)aminomethane and citric acid. 

25 Example 10 

Preparation of crystals of N^-(nrryristoyf)des(B30) human insulin containing zinc and phe- 
nol. 

The crystallization procedure according to Example 1 was repeated with use of sodium ace- 
tate in place of trisodium citrate. 

30 

Example 11 

Preparation of crystals of N^-(myristoyl)des(B30) human insulin containing zinc and phe- 
nol. 

The crystallization procedure according to Example 1 was repeated with use of disodium 
35 tartrate in place of trisodium citrate. 
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Example 12 

Preparation of crystals of N* 2 *-(myristoyl)cles{B30) human insulin containing zinc and phe- 
nol. 

The crystallization procedure according to Example 1 was repeated with use of disodium 
5 succinate in place of trlsodium citrate. 



Example 13 

Preparation of crystals of N^-<myr1stoyl)des(B30) human insulin containing zinc and phe- 
nol. 

10 The crystallization procedure according to Example 1 was repeated with use of disodium hy- 
drogen phosphate in place of trisodlum citrate. 

Example 14 

Preparation of crystals of N^-{myrtetoyl)des(B30) human insulin containing zinc and phe- 
15 nol. 

The crystallization procedure according to Example 1 was repeated with use of disodium 
malate in place of trisodlum citrate. 



Example 15 

20 Preparation of crystals of N cS20 -(myristoyl)des(B3O) human insulin containing zinc and phe- 
nol. 

The crystallization procedure according to Example 1 was repeated with use of disodium 
maJonate In place of trlsodium citrate. 



25 Example 16 

Crystallization of N iBa -(myristoyl)Ly8 BM Pro pa> human Insulin. 



The crystallization procedure according to Example 1 was repeated with use of N**- 
(myristoyOLys^Pro 828 human insulin in place of N^-^myristoyl)des(B3Q) human insulin. 

30 Example 17 

Crystallization of N^-(a>-cart>oxyheptadecanoy))des(B30) human Insulin. 

The crystallization procedure according to Example 1 was repeated with use of N« S29 -(g>- 
carboxyheptadecanoyl)des(B3G) human insulin in place of hr^-(myristoyl)des(B30) human 
insulin. 

35 

Example 18 

Crystallization of N^-(^itN)cholyi^lutamyl)des(B30) human insulin. 
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The crystallization procedure according to Example 1 was repeated with use of N^-fN- 
HthocholyHr^lutamyl)des(B30) human insulin In place of N^-(myristoyl)dBs(B30) human 
insulin. 

5 Example 19 

Crystallization of N^myristoyQdestBaO) human insulin 

The crystallization method according to Example 1 was performed with use of sodium chlo- 
ride In place of tris(hydroxymethyl)aminomethane following the procedure described below. 

10 Two stock solutions d) and e) were used during the crystallization procedure. These solu- 
tions were prepared as follows: 

Stock solution d) 

14.71 g of trisodium citrate dihydrate, 5,644 g of sodium chloride and 0.11 g of zinc acetate 
15 dihydrate were dissolved in about 75 ml of water and after addition of 6.25 ml of a 3% (w/v) 
solution of phenol in water the pH value was adjusted to 8.1 using 2 N sodium hydroxide and 
the final volume of the solution was adjusted to 100 ml. 

Stock solution e) 

20 1 .471 g of trisodium citrate dihydrate and 2.022 g of sodium chloride were dissolved in about 
35 ml of water. The pH value was adjusted to 8.1 using 2 N sodium hydroxide and finally the 
volume was adjusted to 50 ml with water. 

Crystallization prrrarturtt! 

25 1.00 g of amorphous N BW9 -(myristoyl)des(B30) human insufin powder was dispersed In a 
mixture of 78 ml of water and 2 ml of absolute ethanol and pH was adjusted to 8.3 with 0.1 M 
NaOH. When the insulin had dissolved 20 ml of a stock solution d) was added and the pH 
value of the mixture was adjusted to be In the range 8.1-8.2 by addition of 1 N hydrochloric 
acid. The mixture was slowly stirred overnight at ambient temperature and then cooled to 4° 

30 C. The crystals formed were collected on a 50 mm planar filter and quickly washed with ice- 
cold stock solution e). After draining, the crystals were washed with 20 ml of ice-cold abso- 
lute ethanol and the drained crystals were dried in vacuo. 
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CLAIMS 

I . A method of providing zinc containing crystals of a protein derivative which has a lysine 
residue which carries a lipophilic substituent on the e-amino group, said method com- 

5 prising 

a) providing a solution of the protein derivative In an alkaline buffer, which further 
contains a zinc salt, 

b) adjusting the pH value of the solution to a value between 7 and 10 and 

c) isolating the crystals formed. 

10 2. The method of claim 1 wherein the protein derivative is proinsulin, insulin or an insulin 
analogue in which the e-amino group of a lysine residue carries an acyl group. 

3. The method of claim 1 wherein the protein derivative is an insulin derivative selected 
from the group comprising N^KmyristoyiJdesCBSO) human insulin, N^-frnyristoyl) 
human insulin, N^^palmitoyl) human insulin, Nr^^myristoyOLys^Pro 829 human in- 

15 sulin, N ,a28 -(palmitoyl)Lys Ba8 Pro Ba human insulin. N^myristoyiJThr^ys 830 human 

insulin, N^-fpalmitoyOThi^Lys 830 human insulin, N^-(N-palmitoyl^lutafnyl)- 
des(B30) human insulin, N lB29 -(N-lithocholyl*Y-g)utamyl)des(B30) human insulin and 
N^^c^rboxyheptadecanoyl)des(B3Q) human insulin. 

4. The method of claim 1 wherein a phenol is added to the solution before the final ad- 
20 justment of the pH value. 

5. The method of claim 4 wherein the amount of phenol added is from about 1.5% (w/w) 
to about 10% (w/w), preferably from about 1.5% (w/w) to about 3% (w/w) of the 
amount of protein present in the solution. 

6. The method of claim 4 wherein the phenol is selected from the group comprising hy- 
25 droxybenzene, m-cresol, methyl parabene and ethylparabene. 

7. The method of claim 1 wherein the lipophilic group is an acyl group having from 4 to 
40, more preferred from 10 to 40 carbon atoms. 

8. The method of claim 1 wherein the lipophilic group is a straight chain acyl group. 

9. The method of claim 1 wherein the alkaline buffer Is a nitrogen-containing buffer. 

30 10. The method of claim 9 wherein the buffer Is composed of ammonia or an amine and an 
acid. 

II. The method of claim 9 wherein the buffer is oomposed of ammonia and phosphoric 
acid. 
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12. The method of claim 9 wherein the buffer is composed of ammonia and a carboxyilc 
add. 

13. The method of claim 9 wherein the buffer is composed of an amine and phosphoric 
add. 

5 14. The method of claim 9 wherein the buffer is composed of an amine and a carboxyilc 
add. 

15. The method of claim 9 wherein the buffer is composed of an ampholytic compound, 
preferably aspartic acid or N-tris(hydroxymethyi)methylglydne, and optionally an acid. 

16. The method of dalm 13 or 14 wherein the amine is selected from the group comprising 
10 trisChydroxymethyiyaminomethane, 2-amino-2-methyM ,3-propanediol, 2-hydroxyethyf- 

amine and tris(2-hydroxyethyl)amine. 

17. The method of dalm 12 or 14 wherein the carboxyilc add is selected from the group 
comprising acetic add, citric add, lactic add, malic acid, malonJc add, sucdnic add, 
tartaric acid, tartronic add and trtearballyllc add. 

15 18. The method of claim 10 wherein the concentration of the ammonia or amine in the 
buffer is between 0.1 M and 1 M. preferably between 0.2 M and 0.6 M. 
19. The method of claim 10 wherein the concentration of the phosphoric add or the car- 
boxyilc add in the buffer is between 0.05 M and 0.5 M, preferably between 0.05 M and 
0.2 M. 

20 20. The method of daim 1 wherein the zinc salt added to the solution is zinc chloride or a 
zinc salt of a carboxyOc add, preferably a zinc salt of one the adds mentioned in daim 
17. 

21. The method of daim 1 wherein the zinc salt is added in a molar amount which Is be- 
tween 33% and 1 50% of the molar amount of the peptide monomer. 
25 22. The method of daim 1 wherein the pH value is adjusted to a value in the range from 
about 8.0 to about 8.5. 
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